ABSTRACT
At present acute lymphoblastic leukaemia is thought to be heterogeneous in origin, ie, composed of subclasses derived from various differentiating stages.1 2 Many reports have referred to supposed aetiologies or risk factors for leukaemia. However most of these have considered leukaemia without discussing the immunological heterogeneity or differentiating stages of the disease. We have now carried out a case-control study of non-T cell acute lymphoblastic leukaemia in children whose immunological natures were determined by monoclonal antibodies.
Methods

SELECTION OF CASES
From November 1986 to October 1987, one of the authors (MN) had face to face interviews with the biological mothers of all the children with immunologically ascertained non-T cell acute lymphoblastic leukaemia who were in admission or were receiving regular outpatient treatment The items which revealed significantly high odds ratios (p <0 05, 63 triplets) were:
(1) Dental x rays for carious teeth taken before diagnosis (more than one film). (2) Keeping animals (pets or farm animals) at time of diagnosis.
The seven significant factors mentioned above were investigated further by dividing the entire group into the subgroups from 0 to 2 years of age (16 triplets), from 3 to 6 years of age (25 triplets), and from 7 to 14 years of age (22 triplets) (table 1) .
Conditional logistic regression analysis7 was also applied to the entire group, employing these seven factors. BCG, measles or measles vaccination, atopy, and dental x ray remained significant (table 2). Table 2 Relative risk (RR) and 95% CI ofthe sevenfactors by conditional logistic regression analysisfor the entire group. 
Discussion
BCG vaccination was found to have a low odds ratio in the 0-2 and the 3-6 year subgroups. However, in the 7-14 subgroup, the odds ratio was not low. In Japan BCG is usually given first at the 3-4 month health examination. However, it is given again compulsorily to tuberculin negative reactors at the entrance of elementary school (at the age of 6 or 7 years). It is conceivable that many patients in the 7-14 year subgroup received BCG at the age of 6 or 7 and that the controls in this subgroup got it earlier.
In Japan hip joint x ray examination is carried out for the purpose of detecting congenital dislocation of the hip, usually on the occasion of the 3-4 month health examination, as with BCG administration. The cross tabulation of BCG vaccination and hip joint x ray examination revealed that these two factors were closely related to each other in the controls (table 3) , which may indicate that the controls were given BCG at 3-4 months of age. The non-significant relationship of the two factors in the patient group might be caused by the later administration of BCG to the patients. Live measles vaccine is usually given to 1 year old children. While 73-8% of the controls were given Motoi Nishi and Hirotsugu Miyake measles vaccine, only 44-4% of the cases got it. Measles infection therefore occurred more often in cases (31.7%) than in controls (21-4%). However, it is unlikely to be helpful to consider measles infection and measles vaccination separately. From the point of view of the antigenic stimulation produced by measles virus it seems more reasonable to combine measles and measles vaccination together as a possible protective factor against leukaemia. As shown in table 1, low odds ratios for measles or measles vaccination were found not only in the group as a whole but also in all the age subgroups. Measles is a very common infection, and almost everyone is infected in the course of his life. Therefore, if this disease or its vaccination could prevent the onset of this type of acute lymphoblastic leukaemia, the period before a child is vaccinated or develops measles infection might be a time of increased risk. Hence the earlier a child is infected by particular agents such as BCG or measles virus, the shorter this high risk period may be.
Several other workers have also reported that infectious diseases in the first year of life reduce the risk ofacute lymphoblastic leukaemia9 or that BCG or other vaccinations reduce the risk of childhood cancer.'"'3 Since low odds ratios were also found in all age subgroups in relation to atopy, there is a suggestion that immunological mechanisms have something to do with the occurrence or prevention of this disease. It is likely that the non-specific immune surveillance system activated by such events as BCG vaccination may eliminate tumour cells.
Dental x rays for carious teeth had a high odds ratio, especially in the 3-6 year subgroup. Since not many permanent teeth have appeared by this age and since x ray examinations are not usually done for only mildly affected teeth, the high odds ratio in this subgroup suggests that these films were taken principally for deeply affected carious deciduous teeth. Furthermore, since the odds ratio was not high in the 7-14 year subgroup, where dental x ray films were done both for decayed permanent teeth and for carious deciduous teeth, it is carious deciduous teeth and the factors related to them that matter. Since no other diagnostic radiation procedure, such as chest x ray, revealed a significant odds ratio, recall bias seems negligible.
Moreover, since the onset of acute lymphoblastic leukaemia is sudden and the interval between onset and diagnosis is short, it is hard to imagine that gingival bleeding, which is one of the symptoms of acute leukaemia, prevents teeth brushing and causes dental decay. Several possible causative factors may be reflected in dental x rays: (1) radiation from the x ray itself; (2) inlay metals or some kinds of compounds used in treatment; (3) introduction of agents (eg, bacteria or viruses) through carious deciduous teeth into the body; or (4) eating habits which tend to cause Case-control study of non-T acute lymphoblastic leukaemia carious deciduous teeth. In view of the fact that the peak age of occurrence of acute lymphoblastic leukaemia of this type (between 2 and 6 years3) coincides with the period when children have deciduous teeth, the relationship between these factors needs to be explored. In future research, direct examination of the oral cavity by dentists is necessary both in cases and in controls. It is likely that if subtypes of leukaemia vary, the causes will be different. In this study, therefore, strict selection of patients was done so that their immunological nature would be homogeneous.
Through such a refinement it is possible to avoid the suppression of significant factors in "noise", and to re-examine the risk factors reported previously. In order to confirm or refute the findings of the present study, research of this kind is required from now on.
